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辅助下，30 h 可以获得稳定分散的少层 Bi2Se3 纳米片。表征结果证明所制备 Bi2Se3
纳米片表面平整，光滑，有褶皱感。尺寸大小主要分布在数百纳米，厚度约为 3-4 
nm。 
2. 不同离心转速（2000 rpm、8000 rpm、13000 rpm）分离出的 Bi2Se3 纳米片，展现
出了不同的可见光吸收峰。在 NMP 中，当它的大小从 500 nm 降至 100 nm 左右，
厚度从 10 nm 降至 2 nm 左右时，其最大的吸收峰值发生了蓝移，从 613 nm 偏移
至 419 nm 处。在 CS-HAc 中同样有着类似的现象。 
3. 通过理论计算发现不同类型的 Bi2Se3 纳米片展现出不同的能隙。在 NMP 里，我
们可以计算得到其能隙值分别为 1.22 eV（2000 rpm）< 1.39 eV（8000 rpm） < 1.50 
eV(13000 rpm)。在 CS-HAc 中，其能隙值为 1.33 eV（2000 rpm）< 1.51 eV（8000 
rpm） < 1.59 eV(13000 rpm)。同样，通过理论分析，得知能隙发生变化的主要原
因是由于纳米材料的量子尺寸效应。 
4. 利用 NMP 或者 CS-HAc 剥离制备的 Bi2Se3 纳米片溶液与氯金酸溶液混合后，能
够在 Bi2Se3 纳米片层上原位还原出 AuNPs。因此，在超声波的辅助下，我们在制
备少层 Bi2Se3 纳米片的同时，合成出 Bi2Se3/Au 复合材料。表征结果显示， 
Bi2Se3/Au 复合材料中的 AuNPs 高密度分布，粒径均一较小，约为 6 nm 左右，并















Bi2Se3 纳米片能够与 HAuCl4 发生反应，主要是由于 Bi2Se3 纳米片存在着缺陷，较
易氧化，从而促使 AuNPs 原位还原在 Bi2Se3纳米片上，自发形成 Bi2Se3/Au 复合
材料。 
5. 将 Bi2Se3/Au 复合材料修饰玻碳电极，研究了 Bi2Se3/Au 的电化学性能，构建葡萄
糖电化学传感器。结果表明其可以很好地促进电极与电解液之间的电子传递速度，
具有良好的导电性，因而也表现出了更高的电化学活性。其 Bi2Se3/Au 修饰玻碳
电极的有效活性面积是裸玻碳电极的 1.77 倍。在含葡萄糖的 PBS 溶液中，我们实
现了对葡萄糖溶液的电化学检测，线性检测范围为 1-10 mM（R2=0.995），检测限

































Bismuth selenide (Bi2Se3), a new topological insulator, has attracted much attention in 
recent years owing to its relatively simple band structure, large bulk band gap and easy to 
synthesize which belongs to the most simple and strong topological insulator. Compared to 
bulk, few-layer Bi2Se3, even monolayer, is recently considered as a highly promising 
material. Here, we use a liquid-phase exfoliation method to prepare few-layer Bi2Se3 in 
N-methyl-2-pyrrolidone or chitosan acetic solution. The resulted few-layer Bi2Se3 
dispersion demonstrates an interesting absorption in the visible light region. The absorption 
spectrum of few-layer Bi2Se3 depends on its size and layer number. At the same time, we 
decorated gold nanoparticles by a spontaneous redox reaction in the process of liquid-phase 
exfoliation. According to SEM and TEM, we can observe that more uniform, smaller gold 
nanoparticles with higher-density distribution decorated on few-layer Bi2Se3 surface. And 
this composite material is applied to detect glucose as a biosensor. The major results of the 
thesis are outlined as followed: 
1. Few-layer Bi2Se3 was successfully prepared using the solution-phase exfoliation in 
NMP or CS-HAc.The characterization results demonstrated that as-obtained few-layer 
Bi2Se3 nanoplates possess flat and smooth surface with the size of hundreds 
nanometers. And its thickness is about 3-4 nm. 
2. After sonication in NMP, few-layer Bi2Se3 was separated in different centrifugal speeds 
(2000 rpm, 8000 rpm, 13000 rpm). The collected solution of few-layer Bi2Se3 show 
different absorption spectrum in the visible light resion depends on its size and layer 
number. With centrifugal speed increasing, the size of few-layer Bi2Se3 was decreased 
from 500 to 100 nm and the thickness was also decreased from 10 to 2 nm, and the 
maximal absorption wavelength was blue-shifted from 613 to 459 nm. The similar 
result is also obtained in CS-HAc. 
3. The band gap (Eg) of few-layer Bi2Se3 with different sizes and thicknesses obtained by 
different centrifugation speeds in NMP were determined by theoretical calculation. The 















rpm. Evidently, the Eg of few-layer Bi2Se3 increases with the centrifugation speed 
increasing (size and thickness of fewlayer Bi2Se3 decreasing), which indicates a 
blue-shift phenomenon.The reason for this larger Eg of few-layer Bi2Se3 might be due 
to the well-known quantum confinement effect by shifting the conduction and valence 
band edges in opposite directions. 
4. Few-layer Bi2Se3 nanoplates prepared in NMP or CS-HAc can promote the reduction 
of chloroauric acid solution without any reductant, and in suit growth of AuNPs on the 
surface of Bi2Se3 nanosheets can be observed. Moreover, in the assisitance of 
ultrasound, we successfully prepared Bi2Se3/Au composite in the poccess of exfoliating 
materials using the solution-phase exfoliation. After characterization, we observed that 
AuNPs decorated on Bi2Se3 nanoplates have a high density distribution of small and 
uniform particle size. And the content of AuNPs in the composite materials is 
approximately 9.14 wt%. By exploring the reaction of mechanism, we believe that here, 
the underlying mechanism is also likely due to the redox reaction between Bi2Se3 and 
gold ions. It follows that these gold nanoparticles would preferentially nucleate at the 
highly energetic defect sites. One may also expect a small portion of Se atoms to be 
oxidized to water-soluble, higher valence forms and leached into the solution. 
5. Bi2Se3/Au composite modified glassy carbon electrode is applied in biosensor. The 
results of cyclic voltammetry curve in potassium ferricyanide solution shows that the 
composite may well promote the electron transfer rate between electrode and 
electrolyte, has good electrical conductivity, and thus exhibits a higher electrochemical 
activity. In PBS solution containing glucose, we carried out to sdudy the application of 
Bi2Se3/Au composite in the glucose biosensor. The linear detection range is 1-10 mM 
(R
2
 = 0.995), and the detection of limit of glucose could be 0.188 mM. The sensitivity 
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Bi2Se3 的禁带宽度达到了 0.3 电子伏（3600K）
[4]。这意味着它可以在室温下稳定地展
现其拓扑绝缘体的性质，具有良好的应用前景，因此，催生了研究 Bi2Se3 的热潮。 










































到了三维拓扑绝缘体。Fu 和 Kane[18]预言了 Bi1-xSbx 合金是一种三维拓扑绝缘体。在
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